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APPARATUS FOR PROTECTING A 
MAGNETIC RESONANCE ANTENNA 

CROSS-REFERENCES 

The present application is a divisional of U.S. patent 
application Ser. No. 08/639,009, filed Apr. 17, 1996, cur 
rently pending now U.S. Pat. No. 5,767,674, which is related 
to application Ser. No. 08/430,697, filed Apr. 28, 1995, now 
U.S. Pat. No. 5,557,201, which is a continuation of appli 
cation Ser. No. 08/200,815, filed Feb. 22, 1994, abandoned, 
which is a continuation of parent application Ser. No. 
07/922,254, filed Jul. 30, 1992, abandoned. This application 
is also related to co-pending application Ser. No. 08/337, 
784, filed Nov. 14, 1994, which is a continuation-in-part of 
application Ser. No. 08/200,815, filed Feb. 22, 1994, 
abandoned, which is a continuation of parent application 
Ser. No. 07/922,254, filed Jul. 30, 1992. This application is 
also related to application Ser. No. 08/338,317, filed Nov. 
14, 1994, now U.S. Pat. No. 5,629,623, which is a 
continuation-in-part of application Ser. No. 08/200,815, 
filed Feb. 22, 1994, abandoned, which is a continuation of 
parent application Ser. No. 07/922,254, filed Jul. 30, 1992. 
All of these applications are incorporated herein by this 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for protect 
ing a Sensor. In particular, the invention provides an appa 
ratus for protecting a magnetic resonance antenna used for 
measuring the parameters of an earth formation while drill 
ing a borehole into the formation. 

The measurement of desired earth parameters during the 
actual drilling process is known in the art as measuring while 
drilling or logging while drilling. Sensors located inside or 
outside of a drill collar perform measurements on the rock 
and its fluid content. The measurements are either Stored 
downhole for later retrieval or transmitted to the Surface in 
real-time. The drill collar is a metallic Structure that conveys 
the torque required for the drilling operation. Also, the drill 
collar is a conduit for the drilling mud that is used to 
lubricate the drill bit and carry the cuttings to the Surface. 
Since audio and radio frequency electromagnetic fields do 
not penetrate the metallic body of the drill collar, sensors of 
electromagnetic fields must be mounted outside the metallic 
body of the drill collar. These sensors are subject to abra 
Sions resulting from particles in the drilling mud and the 
impact of the Sensor against the earth formation. Often, wear 
bands are employed on the drill collar to provide an adequate 
amount of standoff between the sensors and the formation 
thereby reducing or eliminating the impact of the Sensor 
against the earth formation. 

U. S. patent application Ser. No. 08/430,697 describes a 
Slotted metallic shield covering a logging while drilling 
nuclear magnetic resonance tool. However, a Slotted metal 
lic shield significantly degrades the Sensitivity of a radio 
frequency electromagnetic Sensor. The loSS of Sensitivity is 
detrimental in magnetic resonance measurements, which 
require the detection of weak signals. 

SUMMARY OF THE INVENTION 

The disadvantages of the prior art are overcome by means 
of the Subject invention which comprises a method and 
apparatus for protecting a Sensor from abrasion and impact 
against earth formation cuttings while drilling a borehole. 
The apparatus comprises a drill collar having an exterior 
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Surface and a receSS in the exterior Surface. A Sensor 
assembly is fixedly attached to the recess. A layer of 
non-conductive material envelopes the Sensor assembly. An 
electrically non-conductive shield is Superposed upon the 
Sensor assembly thereby protecting the Sensor from impact 
and abrasions without compromising Sensor performance. 
The shield is composed of an impact, wear resistant material 
which may be reinforced by a plurality of embedded fibers. 
Alternatively, the shield is composed of a plurality of pliable 
fibers having a high tensile Strength. Means are provided to 
Secure the shield to the drill collar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages of the present invention will become 
apparent from the following description of the accompany 
ing drawings. It is to be understood that the drawings are to 
be used for the purpose of illustration only, and not as a 
definition of the invention. 

In the drawings: 
FIG. 1 is a Side elevational view depicting a croSS Section 

of a logging while drilling tool for pulsed NMR formation 
evaluation; 

FIG. 2 is a side elevational view of the tool with a sensor 
assembly and Shield in accordance with the Subject inven 
tion; and, 

FIG. 3 is a side elevational view of the tool with a sleeve 
Shielding the Sensor assembly. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 illustrates a measuring while drilling tool 10 which 
includes a drill bit 14, drill string 16, and a pulsed NMR 
device 40 housed within a drill collar 12. The drill bit 14 and 
drill string 16 comprise means for drilling a borehole 18 in 
an earth formation. AS is known in the art, a drive mecha 
nism (not shown) rotates the drill string 16 and drill bit 14. 
Alternatively, a positive displacement motor may be used to 
rotate the drill bit 14 without the necessity of rotating the 
drill string 16. The borehole 18 typically contains fluids, 
such as drilling mud, which are pumped into the borehole 18 
from the Surface to carry away formation cuttings back to the 
Surface. 

Still referring to FIG. 1. the pulsed NMR device 40 
comprises RF antenna 44 mounted in a recessed area 46 of 
the drill collar 12 and two tubular magnets 42 which are 
positioned in opposing directions. The antenna 44 preferably 
comprises a coil which surrounds channel 20. Further, the 
recess 46 is filled with a nonconducting material 45 such as 
plastic or rubber. Alternatively, the antenna receSS 46 may be 
filled with ferrite to improve the efficiency of the RF antenna 
44. The RF antenna 44 can be protected by a metallic shield 
48 with axial slots to let out the RF magnetic field. The 
metallic shield 48 is mounted in the recess 46 and radially 
outside the antenna 44. The construction of antenna 44 and 
metallic shield 48 is described in co-pending U.S. Patent 
application Ser. No. 08/430,697. The metallic shield 48 
significantly degrades the sensitivity of RF antenna 44. The 
loSS of Sensitivity is detrimental in magnetic resonance 
measurements, which require the detection of weak signals. 

FIG. 2 illustrates the subject invention. A sensor assembly 
50 is fixedly attached to a first recessed area 52 of the drill 
collar 54 and the outer surface of the drill collar 54 using a 
bonding material Such as glue, epoxy, or a similar adhesive. 
Preferably, the recessed area 52 is copper and/or gold coated 
to increase its electrical conductivity. The coating reduces 
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the amount of thermal noise generated by the drill collar 54 
and detected by the antenna 56. The sensor assembly 50 
comprises an RF antenna 56 and ferrite material 58 to 
improve the efficiency of antenna 56. The sensor assembly 
50 further comprises a layer 60 of a non-conductive 
material, Such as plastic or rubber, molded around the 
antenna 56 and ferrite 58 so as to form a liquid impervious 
Seal thereby preventing borehole fluids from leaking into the 
sensor assembly 50. The layer 60 has a flange 62 which 
extends beyond the ferrite material 58 in order to form a seal 
with the drill collar 54. 

The sensor assembly 50 is protected against abrasions 
from particles in the drilling mud and impact against the 
earth formation by an electrically non-conductive shield 80. 
In a preferred embodiment of the invention, shield 80 is 
composed of an impact, wear resistant material, including, 
but not limited to, a ceramic material Such as transition 
toughened Zirconia. The ceramic material may be segmented 
to decrease the likelihood of breakage during the drilling 
process. The Subject invention does not contemplate a shield 
80 composed entirely of fiberglass, a relatively soft material 
Susceptible to erosion in the drilling environment. 

To increase its lifetime and effectiveness, the shield 80 is 
alternately composed of a wear resistant material, Such as 
ceramic, reinforced by embedded fibers. The fibers may 
have a random orientation within the wear resistant material 
or the fibers may form one or more layers of woven mesh. 
Preferably, the fibers consist of a high tensile strength, 
flexible material, Such as asbestos or metal, that can with 
Stand the firing temperature of the wear resistant material. 
Metallic fiberS Shall have a non-conductive coating, or 
alternatively, metallic fibers shall be oriented to prevent 
electrical conduction between the fibers. 

In an alternate embodiment of the invention, shield 80 is 
composed of pliable fibers having a high tensile Strength and 
wear resistant particles. The fibers and particles are bound 
together using epoxy, PEEK, or a similar bonding material. 
The fibers may include, but are not limited to, glass fibers, 
carbon fibers, or polymer fibers such as Kevlar. The wear 
resistant particles are preferably made of Zirconia, alumina, 
Silicon nitride, diamond or Sapphire powder. 

Referring to FIG. 3, cover 84 is comprised of a composite 
material well Suited for borehole temperatures and 
pressures, Such as Randolite (a mark of the Randolph 
Corporation). If the shield 80 fractures, the cover 84 will 
retain any Shield 80 fragments and acts as a Secondary means 
for protecting the Sensor assembly 50 against abrasions from 
particles in the drilling mud and impact against the earth 
formation. Fragments from a fractured shield 80 may pos 
sibly damage the layer 60 of non-conductive material 
molded around the antenna 56 and ferrite 58. Therefore, it is 
within contemplation of the Subject invention to coat the 
surface of shield 80 in contact with layer 60 with a com 
posite material Such as the material used for cover 84. In a 
preferred embodiment, sleeve 86 is comprised of cover 84 
wrapped and bonded onto shield 80. The sleeve 86 is 
removably mounted onto the sensor assembly 50 and 
retained by bands 81, 82. Alternatively, the cover 84 is 
removably mounted onto shield 80. 

Referring to FIG. 2 and FIG. 3, the drill collar 54 has a 
Second recessed area 90, 92. A threaded member 94, 96 is 
fixedly mounted inside the recessed area 90, 92. The outer 
most Surface, i.e., sleeve 86, cover 84, or shield 80, is 
secured to the drill collar 54 by bands 81, 82 which are 
screwedly mounted onto the threaded members 94, 96. The 
bands 81, 82 are coated with an abrasion resistant material 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
such as tungsten carbide. A first end 97, 98 of the bands 81, 
82 is Secured onto the outermost Surface without obstructing 
antenna 56. The ends 97,98, 99, 100 of the bands 81, 82 are 
Secured So as to prevent movement in the axial direction of 
bands 81, 82 during the drilling process. 

The foregoing description of the preferred and alternate 
embodiments of the present invention have been presented 
for purposes of illustration and description. It is not intended 
to be exhaustive or limit the invention to the precise form 
disclosed. Obviously, many modification and variations will 
be apparent to those skilled in the art. The embodiments 
were chosen and described in order to best explain the 
principles of the invention and its practical application 
thereby enabling others skilled in the art to understand the 
invention for various embodiments and with various modi 
fications as are Suited to the particular use contemplated. It 
is intended that the scope of the invention be defined by the 
accompanying claims and their equivalents. 
What I claim is: 
1. An apparatus comprising: 
a) a drilling means having: 

i) a drill bit for drilling a borehole in a formation; 
ii) an exterior Surface and a recess in the exterior 

Surface, and, 
iii) a housing means; 

b) a pulsed NMR means housed within the housing means 
for making nuclear magnetic resonance measurements 
of the formation while the borehole is being drilled, the 
pulsed NMR means having: 
i) two tubular magnets, each having magnetic poles, 

and arranged So one pair of like magnetic poles face 
one another; 

ii) an antenna mounted between the two tubular 
magnets, and in the recess of the exterior Surface of 
the drilling means, and, 

iii) driving circuitry means for driving the antenna, 
which is mounted in the housing of the drilling 
meanS, 

c) means for carrying borehole fluid through the drilling 
means, which is Surrounded by the two tubular magnets 
and the antenna, 
wherein the borehole fluid provides an electromagnetic 

Signal, and the pulsed NMR means comprises a 
gradient coil means for canceling the Signal of the 
borehole fluid by applying a pulsed magnetic field 
which is stronger in the borehole fluid and weaker at 
a Stationary point in the formation; and, 

d) an electrically non-conductive shield Superposed upon 
the antenna. 

2. A method comprising: 
drilling a borehole in a formation with a drill assembly 

having a drill bit, channel, and housing; 
making pulsed nuclear magnetic measurements of the 

formation with a pulse NMR device in the housing 
while drilling the borehole, the NMR device compris 
ing two tubular magnets, each having magnetic poles, 
and arranged So one pair of like magnetic poles face 
one another, and an antenna mounted on the drill 
assembly between the two tubular magnets, 

holding borehole fluid in the channel of the drilling 
assembly, wherein the channel is surrounded by the two 
tubular magnets and the antenna, Such that the borehole 
fluid has an electromagnetic Signal; 

pulsing a magnetic field into the formation with a gradient 
coil, wherein the magnetic field is Stronger in the 
borehole fluid and weaker at a Stationary point in the 
formation; 
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driving the gradient coil with a pulsed current Source, 
pumping drilling fluid through the channel of the drilling 

assembly; 
producing a magnetic field through an electrically non 

conductive shield Superposed upon the antenna; and 
canceling the electromagnetic Signal of the borehole fluid. 
3. An apparatus comprising: 
a) a drill assembly having: 

i) a drill bit for drilling a borehole in a formation; and 
ii) a housing; 

b) an NMR means housed within the housing for making 
nuclear magnetic resonance measurements of the for 
mation while the borehole is being drilled, having an 
antenna, 

c) means for carrying borehole fluid through the drill 
assembly, 
wherein the borehole fluid provides an electromagnetic 

Signal, and the NMR means comprises a gradient 
coil means for canceling the Signal of the borehole 
fluid by applying a magnetic field which is stronger 
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in the borehole fluid and weaker at a Stationary point 
in the formation; and 

d) an electrically non-conductive shield Superposed upon 
the antenna. 

4. A method comprising: 
drilling a borehole in a formation with a drill assembly 

having a drill bit and a housing; 
making nuclear magnetic measurements of the formation 

with an NMR device in the housing while drilling the 
borehole, said NMR device having an antenna and an 
electrically non-conductive shield Superposed upon 
Said antenna, Said NMR device producing an electro 
magnetic signal in borehole fluid Surrounding Said drill 
assembly, and 

producing a magnetic field in the formation with a gra 
dient coil, wherein the magnetic field is stronger in the 
borehole fluid and weaker at a Stationary point in the 
formation to cancel the electromagnetic Signal of the 
borehole fluid. 


